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The technology of refrigeration has been applied popularly in many fields. 
Conventional refrigeration systems have many disadvantages such as serious concerns 
for the ozonosphere, complex apparatus and lower efficiency. Recently, more and 
more attentions have been paid to the environmental protection together with that 
magnetic refrigeration has had great development because its merits in refrigeration 
efficiency, reliability, saving energy and environmental friendliness. Magnetic 
refrigeration is an advanced and novel green refrigeration technology. So far most of 
research works involving magnetic refrigeration have been focused on exploring new 
magnetic refrigeration materials and designing novel magnetic refrigerators. However, 
study on the theory of magnetic refrigeration cycle has not been paid more attention to. 
Theoretical investigation on magnetic refrigeration cycle, which can reveal the 
influence of many irreversibilities on performance of magnetic refrigeration cycle, is 
beneficial to performance improvement of magnetic refrigerators and is becoming a 
significant and promising subject. 
At the beginning in Chapter 1, the theory of finite time thermodynamics and its 
development are introduced briefly. And, magnetocaloric effect, principle of magnetic 
refrigeration, technology of magnetic refrigeration and its development are presented 
in this Chapter. Afterward, the outline of this thesis is given.    
In Chapter 2, a new model of irreversible Ericsson refrigeration cycle employing 
paramagnetic materials as the working substance is established. By using finite time 
thermodynamic theory and the optimal control theory method, the influences of 
multi-irreversibilities, such as thermal resistance, heat leak, efficiency of regenerator 
and internal irreversibility resulting from magnetic working substances, on the 
performance of the refrigeration cycle are investigated. At the same time, by means of 
numerical value calculation, the effects of the irreversibilities on the cooling rate, 
coefficient of performance of the refrigeration cycle are analyzed in detail. The 














power input and their optimal operating regions are determined. The results obtained 
here is more general than those presented in the existing literatures.  
In Chapter 3, a new irreversible magnetic Brayton refrigeration cycle model is set 
up. Based on the cyclic model and the fundamental thermodynamic equations of 
paramagnetic materials, the mathematical expressions of the cooling rate and 
coefficient of performance are derived by employing the log mean temperature 
difference (LMTD) and the optimal control theory method. Some important 
performance parameters are optimized on the objective function-- the cooling rate. By 
means of numerical value calculation, the cooling rate, coefficient of performance and 
the relationship curves between the two are obtained. Furthermore, some optimal 
operating regions including the cooling rate, coefficient of performance, the minimum 
ratio of the magnetic fields and the temperatures of the cyclic working substance are 
determined and evaluated. The influences of the thermal resistance and the 
irreversibility during the adiabatic processes on the performance of irreversible 
Brayton refrigeration cycle are revealed. The results obtained can provide some 
important reference information for the optimal design and performance improvement 
of magnetic refrigerators. 
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第一章                              引  言 
第一章 引  言 
§1.1. 有限时间热力学简介 
经典热力学理论因为其普适性在科学技术进步和生产发展中起了重要作用。 
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(a) 无外磁场时 H=0         (b) 磁化时 H > 0 




(c) 退磁 H=0 















































Warburg [61] 首先发现了金属铁在外磁场中的热效应，随后Debye和Giauque 
[62-63] 两位科学家分别从理论上推导出可以利用绝热去磁方法实现制冷，这极
大地促进了磁制冷理论和技术的发展。1933年，Giauque 和 Mc Dougall[64] 用
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